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FOREWOFtD 

This report consolidates the informtion s thered during Phases I, 11, and I11 
of the helium recovery study. 
calculations t o  support the conclusions presented. 

The report includes tabulated source data and 

The overall design study consists of three volumes: 

Volume I Synopsis of a Design S t d y  of 8 H e l i u m  Recwery System 
for MILA. 

Volume I1 Final Report of a Design StUay aF a H e l l u m  Recovery System 
for MILA. 

Volume I11 H e l i u m  Usage and Recovery Eqpipmmt Sqpportlng Data. 
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A. SCOPE 

C " I X R  I 

SCOPE AND GROUND RULES 

The st* described in this report evaluates various methods f o r  recovering 
and repwif'yha the helium gaa required for the fli@t preperation and launch 
of space vehicles a t  the W r r i t t  1s- bunch Area. 
velaps and justif ies prelimixmry design for the system(8) considezed t o  
be most admtageous. The study is canducted in three phasee. 

In addition, it de- 

Phaee I of t h i s  study investigates the quantity and the locatioavl at recop- 
enable helium from the Saturn V - Apollo vehicle opelatianal system at bunch 
Complex 39, MILA. The helium t o  be recovered is used for  checkout a€' the 
Saturn V Space Vehicle at the various areas of E-39, i.e., the pad area, 
vertical ass-* buiming (vAB), tlrt converter-capz=saor facility (m), 
and the various checkout buildings associated w i t h  the Apollo Spaceclaft. 
In addition, the usage data was exparid& t o  inc1-e the Saturn IB c q h x e s  
34 and 37 and associated systems. 

Phase I1 of this st* evaluates the  various recovery and repurification 
system concepts and/or cambination of concepts for application t o  the Sat- 
~ r n  Vehicle m m t i m  Sy~tem- 

Phsse I11 develops and justifies preliminary designs for the system(s) con- 
sidered t o  be most advantageous for helium recovery a d  repurification at  
MILA. 

This study was prepared by A i r  Products and C~~IIICS~S, Inc., 
a1 Aeronautics and Space Administnation Contract NAS10-1472. 

B. GROUND RULES 

Tbe follavlng ground ru les  and basic assumptions have been established w i t h  
NASA-KSC f o r  this study. 

1. A recwely system is defined as tbat system which captures and holds 
contsminated helium, purifies it t o  Grade A quality, and returns it 
t o  the storsge fac i l i ty  fo r  reuse. 

The n w ~ i m m  time that contaminated helium shall mmin at Cape Kenmdy 
is 2 weeks, i.e., all cmtamillated helium in storage mPtst be processed 
within 2 weeks after a vehicle has been processed either at the pad 
or the VAB. Contaminated helium is defined as a l l  helium that has been 
released fram storage for checkout and launch purposes and a l l  leakage. 

2. 

3. Economics shsU be based on an amrt iza t im period of 10 years and a 
payout period of 5 years .  

-I- 
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4. The cost helium shall be $3.50/lb. f.0.b. Amarillo, Texas, o r  
$4.50/lb.?l) delivered at Cape K e n n e d y ,  including 15 days de-. 

5. Cost of returning contaminated helium from Cape Kennedy t o  the Bureau 
of Mines for  purificatian shall. be 80$ of that charged for shipping 
Grade A hel ium t o  Cape Kennedy. This heUm recwery scheme w i l l  not 
be considered in this study. 

6. =quid helium storage or transport sMLl not be considered in this study. 
It shall. be asstuned that heUm is delivered t o  Cape Kennedy in  high- 
pressure railroad cars. 

7. The following cost factors shall be used in this study: 

a. Puwer - 1.225#/m 

b. Water - 10Q/1000 Gallons 

c. Plant operation labor rates: 

e Fringe 
classificatian mte (2) Benefits 

(1) Sugerintendent $ 192.70/week 20 

(2) Assistant l61.54/week 20 
Superintendent 

(4) Operator Helper 3.24lhour 15 

(5) mintenance MUI 3 .&/haur 15 

(1) See "Report on Lmg-Range H e l i u m  Transportation Optimization Study for  
NASA, KSC, MILA" by United States Department of the Interior, Bureau of 
Mines, H e l i u m  Activity for a revised cost ae helium delivered at Cape 
Kennedy. 

(2) Labor rates listed do not include fringe benefits. 

-2 - 
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d. Delivered price of cryogenic liquids and p r o p e l t s  t o  Cape Kennedy 
shall be as follows : 

e. 

f .  

NASA General and Administrative Rate - 10% 
NO interest cbarge is  included for  investment funds (coet of cap- 
i t a l  finsncing). 

8. A l l  helium recovery equlpment within tibe complex except the storage 
shall be designed to  withstand the following (whichever is greater): 

a. Overpressure experienced during a normal launch; no allowance is 
included for a catastrophe. 

b. Hurricane wind velocity of 125 mph. 

C. The s t o w  containers shall be designed t o  sustain 75-mile-per- 
hour winds. For hurricane force winds, it is conteqlated that 
the storage containers w i l l  be deflated and covemi. 

9. The checkout and launch of me Saturn V - Apollo vehicle will nom- 
be performed within a 58-working-day period (one 8-hour shift  per day, 
5 days per week).* The checkout and launch cycle for  one Saturn I B  
is 40 working days (me 8-hau: shift per day, 5 
Complexes 34 and 37. 
I B  is  t o  be identical w i t h  that of the Saturn V, except for  those up- 
erations which am duplicated due t o  the locatim of the Saturn V a t  
checkout. 
the VAB and the pad, only one such uperation is required ca the Saturn 
IB, since a l l  checkout and launch operations are performed at  the S B J P ~  
location. 

per week) at hunch 
The checkout and launch procedure f o r  the Saturn 

For exaqple, whereas the Saturn V is pressum tested at both 

10. Utilities are assumed t o  be available at equipnent b t t e r y  limits. 

*Accord.:!ng to  informstion received from NASA 3/3/65, the la tes t  schedule 
for checkout and launch of a Saturn V - Apollo vehicle is 13 weeks; for 
a Saturn IB, the latest  schedule is  58 working days. 
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A. 

B. 

CHAFTER II 

SZMMARY OF FINDINGS 

PHASE I - HELIUUI USAGE AND AVAILABILITY 

The proposed quantity and uses of helium t o  check out and launch one 
Saturn V space vehicle a t  hunch Complex 39 were investigated under 
Phase I of t h i s  study. It was found tha t  the t o t a l  quantity of Grade 
A helium required is 69,500 pounds. Of t h i s  quantity, 55,300 pounds 
can be considered recoverable; 2,800 pounds is l o s t  during the f l i g h t  
of the vehicle, and ll,400 pounds is physically lost during checkout 
and t e s t  operations. 

Most of the recoverable helium, 27,800 pounds per vehicle, is available 
a t  the pad. 
t h e  VAB, 1,500 pounds a t  the CCF, and 600 pounds within the  indus t r i a l  
area. 

Lesser amounts are available elsewhere - 25,400 pounds a t  

The Saturn V - Apollo program a l so  has requirements f o r  Grade AA helium 
f o r  checkout of the  Apozlo spacecraft. 
l imited as t o  i t s  avai labi l i ty ,  i ts exact pur i ty  requirements, and i ts  
uses, t h i s  source of recoverable helium is excluded from t h i s  report. 
It appears t h a t  t h i s  quantity is negligible. 

Since present information is 

Secondary emphasis during t h i s  phase was placed on investi@z€ng the 
helium usage associated wi th  the Saturn IB vehicles at  Pads 34 and 37. 
It was  found tha t  a to ta l  of 16,005 pounds of helium is  required t o  
check out and launch one Saturn IB vehicle. 
sible t o  recover 13,200 pounds. 

Of t h i s  amount, it is fea- 
Fl ight  requirements are 950 pounds. 

PHASE I1 - IBLILM RM;yIvE#y SYSTEMS EVALUATION 

hraluation work cmpleted i n  Phase I1 of t h i s  study was performed in 
three major steps:  

1. 
2. 
3 .  

Investigation of helium purif icat ion cycles. 
Investigation of contaminated helium gas-holding equipment. 
mvestigztf~r; ef slt-en?ate helium recovery systems. - 

A general procedure followed throughout Phase I1 was the  inclusion f o r  
study of as many d i f fe ren t  variations as possible for each step. 
variations were evaluated by three general c r i t e r i a  : 
age, (2) operational diff icul ty ,  and (3) amount of development necessary 
t o  obtain a workable system. 

These 
(1) economic advant- 
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1. H e l i u m  Purification Cycles. 

The seven different  cycles investigated were: 

a. Cases I & IA - Cryogenic Separation and Adsorption a t  the VAB. 

b. Case 11 - Catalytic Oxidation and Misch Metal Reaction a t  
the Pad. 

c. Case I11 - Catalytic Oxidation and Cryogenic Adsorption a t  
the Pad. 

d. Case N - Catalytic Oxidation and Cryogenic Adsorption a t  
the Pad and the VAB. 

e. Case V - Catalytic Oxidation and Gthane Scrub a t  the  VAB 
and the Pad. 

f .  Case V I  - Thermal Diffusion. 

g. Case V I 1  - Gaseous Diffusion. 

Cases V I  and V I 1  were eliminated because of their high operating 
cost  and because they need fur ther  development t o  become workable. 

The remaining cycles were evaluated by re la t ive  ccuuparisons, Case 
JA bebig used in conjunction with Case I1 or with Case I11 t o  pro- 

a system capable of operation a t  the VAB and a t  the pad. 

Case I V  w a s  found t o  be the most economical system i n  t h i s  evaluation. 
However, the combination of Case IA and Case I11 m y  have some advant- 
age as the number of launches per year increases. For t h i s  reason, it 
i s  recommended that Case I V  be selected as the best cycle, but t ha t  
t he  canbination of Case I A  and Case I11 be investigated furt;her in  
t h e  12 t o  24 launches per year range. 

2. H e l i u m  Storage Equipment. 

The different  types of storage (see Figure 1) investiepLted wen?: 

a. S t ee l  gasholders. 
b. Hypalon-coated, double-walled, nylon hemispheres. 
C. Urethane-coated, double-walled, nylon half  cylinders. 
d. Neoprene-coated, double-walled, nylon hemispheres. 
e. 
f .  Nonrigid airships.  

S t ee l  cylinders a t  various pressure ratings.  

After collecting information from various commercial sources, types 
a, b, e ,  and d, above, were evaluated t o  determine the most economical 

-5 - 
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type of fixed low-pressure storage. Of these, type b appeared t o  
be t h e  best choice, froan an economic standpoint and because of ease 
of maintenance. H e l i u m  storage containers of t h i s  type (see photo- 
graph on page 7) are successfully used a t  NASA Lewis Research Center. 
A br ief  account of the  operating experience with t h i s  type of s tor -  
age a t  t h i s  location appears in Appendix A. 

An evaluation of storage a t  higher pressures, type e above ( i n  con- 
junction with some low-pressure storage f o r  surge), was evaluated 
for various pressure levels. 
age type b, the Hypalon-coated hemisphere, remained t h e  most econm- 
ica l .  
develupment costs  are involved. 

It w a s  found t h a t  low-pressure s tor -  

The nonrigid airships  of type f were eliminated because high 

3. Alternate H e l i u m  Recovery Systems. 

a. Alternate 1 - Fixed plant, f i xed  low-pressure storage, low- 
pressure pipel ine (Fig. 2) 

b. Alternate 2 - Fixed plant, f ixed low-pressure storage, high- 
pressure impure gas t r a i l e r s  (Fig. 3) 

c. Alternate 3 - Mobile plant, fixed low-pressure storage, high- 
pressure pipel ine (Fig. 4) 

d. Alternate 4 - Mobile plant, f ixed law-pressure storage, high- 
pressure helium t r a i l e r s  (Fig. 5 )  

e. Alternate 5 - Fixed plant, mobile storage (Fig. 6) 

f .  Alternate 6 - Mobile plant,  f ixed law-pressure storage, mobile 
compressor (Fig. 7) 

g. Alternate 7 - Fixed plant, combined storage, low-pressure pipe- 
l i n e  (Fig. 8) 

Alternate 4 was eliminated immediately because it was duplicated and 
simplified by Alternate 6. 
with Goodyear Tire and Rubber. 
xecld ha too expensive because of development costs. The remaining 
a l te rna tes  were evaluated by comparison, auci the  most ecemdr?al was 
found t o  be Al t e rmte  7, a fixed helium purif icat ion plant  combined 
wi th  low-pressure storage a t  the CCF and low-pressure pipelines fram 
the VAB and the pads t o  storage. 

Alternate 5 was eliminated after discussion 
They indicated t h a t  mobile storage 

After the  recovery systems f o r  Complex 39 w e r e  evaluated, a similar 
investigation was performed on helium recovery and purif icat ion f o r  
the Saturn I E 3  a t  Complex 34 and 37. 
invmt iga t ion  were used wherever possible i n  t h i s  portion of the 

The findings of t h e  previous 
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study. Four alternate recovery systems were evaluated: 

1. Combined low-pmssure storage, fixed plant. (Fig. 9)  

2. Combined law-pressure storsge, high-pressure impure gas trailers, 
use of plant at Cclrmplex 39. (Fig. 10) 

3. Combined low-pressure storage, low-pressure pipeline, use of plant 
at  C c m p l e x  39. (Fig. 11) 

4. Combined low-pressure storage, low-pressure piping fm paaS t o  
storage, mbile  purification plant. (Fig. 12) 

T b  most econamical system wa8 fuund t o  be *e third alternate, which 
consisted of: 
construction located near the CCF and fed by pipeurn from C o n q l e x  34 
and Complex 37; (b) 1-1/2 inch low-pressure pipeline from this storage 
t o  the storage for the purification plant at  Complex 39; and (c) use 
of the purification plant at Complex  39. 
use of this plant is included in Alternates 2 and 3. 

(a) capdbined low-pressure, fixed storage of coated-nylon 

An incremental cost for  the 

C. PHASE I11 - PREUMINARL DESIGN OF' THE EIEUW RECOVEHY SYSTEM 

TJx preliminary desiep d the hel ium recovery s y s t e m ,  perfonaed in Phase 
I11 of this study, consisted of determining optimam storsge capacity and 
plant size, designing an optianlmprocess cycle, and developing coat esti- 
mtes in relation t o  launch rates as well as broad design paramters which 
w o u l d  guide the developnent of a satisfactory final design. 

Several factors which directly affect the size of law-pressure storage were 
studied i n  detail. 
age will pay for itself if  used but 10 times. 
sized t o  capture a l l  of the helium which it is predicted will be used, and 
no "use-peaks'' will be vented. An aaibient temperature of 7 5 9  has been 
determined from published weather data t o  be the optbum design temperature. 
Using plots of the usage pattern for each vehicle operation sequence of 
interest, a graphical solution was made t o  determine the most ecananical 
c d i n a t i o n  of plant capacity versus required storage size. pinally, an 
on-stream factor and usage pattern safety factor were incorporated in the 
desiga storage size. 

It was determined that the addition of incremental stor- 
The storage has thus been 

Prior t o  f inal  preliminnry sizing of the process equipment, several s td-  
ies we= undertakento determine the relative econcanic advantages of changing 
certain process conditians t o  reduce liqyid nitrogen consumption. 
was focused on liquid nitrogen consumption because it constitutes the Largest 
single operating cost. 
heat exchsnger and a vacuum pump are added i n  the final process design. 
The heat excbanger provides additicmal recovery of refrigeration for  pre- 
cooling, and the vacuum prmrp permits a lower process stream temperature 

Attention 

As a direct result of these studies, an additional 
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so that mom contained nitrogen i s  removed by phase separation. 
it was determined that the m o s t  e condca l  system uperathg pressure is 
155 psia, the latest possible according t o  the ground rules. 
decided t o  use a nanlubricated canpressor i n  the cycle to  plevent poisoning 
of the demo catalyst beds. 

In addition, 

It was also 

The process cycle provides for the removal of hydrogen by catalytic oxida- 
tion, forndng water, which is remmd by condensation and adsorption. N i -  
trogen is  removed by condensing a portion of it at  -3389, and adsorbing 
the remainder on charcoal a t  -290%'. 

The investrpent for a helium recovery and purification system composed of 
a purification plant using the previously described cycle, low-pressure 
coated-nylon storage containers, law-pressure contaminated helium ccqpre~sor~ ,  
and a low-pressure pipeline was calculated f o r  four helium source c a i n -  
ations at  fuur different launch rates each. 

for  preliminary byout information on the helium purification cold box, 
helium purification area, and w e m l l  h e l i u m  r e c m r y  system.)  This invest- 
ment is  found in  Figure 13 and ranges from a minimum of $1,629,150 for  4 
Saturn V launches per year w i t h  recovery a t  the VAB only, t o  a mimum of 
$4,ll8,940 f o r  I8 Saturn V launches per year and 12 Saturn I B  launches per 
year with recovery at  the VAJ3 and a t  all of the launch p s b .  

(See Drawings SK-4--5-11.1-10, 
SK-4-1165-57-U), SK-4-1165-55.60-1E, SKJ+-U65-55.60-2E, snd SK-4-U65-55 060-33 

Operating costs as found in Figure 14 include Labor, maintenance, chemicals 
and lubricants, electricity, water, q g e n ,  and liquid nitrogen and also 
general and administrative costs 031 these items. 

The ccmibined to t a l  of the annual operating costs and tb annual depreciation 
charges divided by the annual weight of helium recovered yields the cost 
of purification. This cost in dollars per pound of helium recovered, as 
sham i n  Figure 15, ranges from a msximum of $ 3 . 0 8 / ~ .  f o r  4 saturn v la~nches 
per year w i t h  recovery at  the VAB only, t o  a minimum of $.58/lb. fo r  18 
Saturn V lauuches per year and 12 Saturn I B  launches per year with recovery 
at  the VAB and a t  each of t he  pads. 

As shown in Figures 16 and 17, these recovery costs can yield potential 
savings ranging frm a minirmrm of $llc2,000 per year, or $1,420,000 for a 
10-year program, t o  a maximum of $4,250,000 per year or $42,500,000 for 
a 10-year program. 

Trans l a t ed  into payout periods, Figure 18 shaws a l l  systems considered as 
acceptable w i t h  payout periods of less than 5 years, the l i m i t  established 
in the WaUnd rules O f  this Study. 

This study reccmmnds that a helium recovery system be installed a t  launch 
Complexes 34, 37, and 39 f o r  recovery of the helium used i n  the Saturn pro- 
gram. 

-9- 



CHAFTER I11 

CONCMGIONS 

A* CONCUISIONS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

The to t a l  quantity of h e l i u m  gas rewred for  thle checkout and bunch 
of one Saturn V - Apollo space vehicle is 69,491 pounds of Grade A quality 
helium. Of this quantity, it is feasible t o  recover 52,125 pounds. 

The to ta l  quantity of hel ium gas required for the checkout and hunch 
of one Saturn IB space vehicle is 16,005 pounds of Grade A quality helium. 
Of this quantity, it is feasible t o  =cover 12,500 pounds. 

The most economical helium repurlficatiapl cycle f o r  Complex  39, MILA, 
is the catalytic oxidation snd cryogenic separation and adsorption cycle. 

Contaminated helium gas is most econanically stored at essentially at- 
mospheric pressm in flexible coated-nylon containers. 

The mst economical helium recovery and repurification system for hunch 
complex 39 consists of a helium purificatim plant (ca-lytic oxidation 
and cryogenic separation and adsorption cycle) located at the c q m s s o r -  
converter facil i ty,  law-pressure storage located a t  the coenpressor-con- 
verter facility, and low-pressure piping to the storage from the VAB 
and from each of the gads. 

The m o s t  economical helium recovery system for  Xaunch Camplexes 34 and 
37 consists of low-pressure storage at the coqpressor-converter facility 
of Complexes 34 and 37 and a low-pressure piping and blower network 
t o  transmit the contaminated helium gas fram this storage t o  the low- 
pressure storage located at the canpressor-converter faci l i ty  of Cam- 
plex 39. 
a t  launch Complex 39. 

The contaminated helium &?%a is repurified a t  the plant located 

Helium collectian and repurificatian a t  the VAB only is  ecanunically 
feasible for  launch rates of four or more Saturn V vehicles per year. 

Helium collection and repurification at  the VAB and a t  the  paaS of Com- 
plex 39 is  econdca l ly  feasible for  launch rates of four or more Saturn 
V vehicles per year. 

Helium collection and repurification at the VAB and at  the pads of Com- 
plex 39 and at the p d s  of Complexes 34 and 37 is  econanically feasible 
for  launch rates of four or more Saturn V vehicles per year plus six 
or more Saturn IB vehicles per year. 

Helium collection and repurification at Complexes 34 and 37 is econdcal ly  
attractive only as part of the recovery system f o r  Complex 39. 

-10- 



11. 

E. 

13 

14 . 

15 

The t o t a l  anticipated saving fo r  a 10-year Saturn program ranges from 
1.4 million dollars for  4 Saturn V vehicles per year (VAB uperatian 
only) t o  42.6 million dollars fo r  18 Sat- V vehicles per year plus 
12 Saturn I B  vehicles per year ( V .  plus pad operatian of IC-39 and 
pad operation of Lc-34 and Lc-37). 

The myuut period for  the helium recovery system investmmt zanges fram 
a rrmcinnuu of 3.5 years f o r  VAB operation only a t  a launch late at' 4 
Saturn v vehicles per gear t o  a minimum af 0.8 pare for 18 Saturn v 
vehicles per year. 

The helium recuvery s y s t e m  consisting of the ConrPlerciaUy available 
e q u i p a t  described herein, can be designed, procured, and erected for 
operation w i t h i n  a tims period of appmpciaately 18 months under no& 
ecmamic conditione. 

Safe* is a definite conaiderertian when hm3ling hydrogen a& m g e n  
mixtures. Hawever, pertinent data based on experience i e  available 
froen m%ny sources. Acceptabh r- bve been established, ard 
the design and installatiion of safe 
t ice.  using camnercially available axygen and hydrogen BsBlyzer- 
controllers and system vents, and by eprrplaying the safety standamla 
estsbushed fo r  m g e n  service, carhwtible kydrogen mixtures w i t h i n  
the helium recovery system can poeitively be avoided. Since the aver- 
age cnsygen campositian witbin the system is in the parts-per-miUian 
range, and since the backgmd gas is h e l i t a m  or greater, the m8x- 
inaan alluwable concentration of bydrogen that can be tolerated in the 
system (storage and/or process Ilnes), vithaut the chance of forming 
a conabustible lnixture with air entering through a msjor leak is 8s. 
Of' c m e  any mixture of helium and bydrogen by i tsel f  is hamless. 
(The maxirmup allowable concentration of hpirogen in a mixham w i t h  air 
w i t h a r t  the formtian of 8 conibustible mixture ia  4.5s." H m v e r ,  t h i s  
percentage can be increased t o  8$ cm a hellum mixture of 90$ helium 
or  higher because of the high therm1 conductivity of belitan which tends 

ayetems is now camwn prrrc- 

t o  dissipate the heat of cambustion, thereby dampening the combustion 
r e a m  

The vehicle checkout and launch scbedules and the quantities of heli- 
um used, as presented herein, are considered to  be ndnimum. 
the scheduled checkout and launch periods be lengthened, tihe quantity 
of helium used f o r  blanketing per vehicle would increase slightly as 
would plant operating cost. 
actually be used during the major purge operations, and that the economics 
and payout period presented in this report would therefore nut be adversely 
af'f'ected 

Should 

However ,  it is  f e l t  that more helium will 

*Bureau of Mines Bulletin, No. 503, page 21. 
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A. R E c ~ A ! r I O T S s  

This report recarmtlends that: 

1. A helium recovery and repurificatian system be installed a t  launch Can- 
plex 39 for Coqplexes 34, 37 and 39 t o  recover and repurify the helium 
used for  checkout and launch UP the Saturn V and Saturn I B  launch ve- 
hicles . 

2. A l l  con-bnhated helium gas be stomd, pr ior  t o  repurif'icatian, at essen- 
t i a l l y  atmospheric pressure i n  flexible coated-nylon containers. 

3.  All contambated h e l i u m  gas be trsnsported i n  pipelines of low-pressure 
design (appmxinrrtely 15 psi) .  

4.  The contaminated helium be purified by a plant using a catalytic mi- 
dation & cryogenic separation and adsorption cycle. 

The helium mcovered fmsa IC-39, E-34, and LC-37 be purif'ied and in- 
troduced into the Grade A system at IC-39 fo r  reuse, w i t h  makeup bli- 
um gas for  IC-34 and I&-37 supplied by purchase from the Bureau of Mines. 

%e helium purification system be operated from the control mom at 
the plrification plant. 
shall be activated by gas analyzers, w h i c h  w i l l  autamaticaUy direct 
the helium into the system. 

5 

6. 
The contaminated helium pickqp switch valves 

7. The pipeline coqpressors be regulated by pessure indicator cantrollers. 

8. The final design and procuremmt of equipment for a helium recoverg 
system be started immediately t o  permit operation of the helium m c m r y  
system during the forthcoming Saturn IB progmn. This pennits partial 
payoff of the nxavery system investment prior t o  the s t a r t  of the Saturn 
V launch schedule, and also provides a familiarization and training 
period for  operating personnel. 

-12- 



NAS10-1472 

APPENDIX A 

Air Products and Chemicals, Inc. Date: December 30, 1964 

TRIP mom 
of 

D. J. Kelemen and D. L. MGinnis 

Helium Recovery Study for MILA 
NASA Contract Nurmber NAS10-14?’2 
APCI Project No. 00-4-1165 

The purpose of this t r i p  was the @hering of information concerning the flex- 
ible low-pressure storage containers, used by NASA for  the etorsge of law-pressure 
helium, as fabricated by Mrdair Structures, Inc. Orp =falo, N.Y. 

The following swmmsrizes the infornmtion obtained from personnel a t  NASA’s M s  
Research Center, Cleveland, Ohio, December 29, 1964. 

n~esday - December 29, 1$4 NAS10-1472 

Persons Contacted: R. F. Hanlon, NASA 
M. Scharer, NASA 

After arriving at  Imis Research Center, our initial contact was with 
Mr. Scharer who briefly described the storage containers and their  usage at 
Lewis and presented us with five black-and-white pictures of these containers. 
He then introduced Mr. Hadon who had worked w i t h  these cmtainers since their  
installation at Imis. After hearing our llequirements and stating that all 
of their problems were connected with contamination of stored pure heUum by 
air permeating through the inner bag a t  the rate of 140 t o  150 ppm per day, 
they advised that this izype aC storage sh& be compatible with our needs. 
The full report is outlined below. 

The t w o  storage cmtainers used a t  W s  Research Center are true hemispkres 
92 feet  i n  diameter and each capable of containing 200,000 SCF (2000 lb.) of 
helium at a pressure of approximately 1 inch cf water. 
posed of an inner hemisphere t o  contain the heliuu and 831 outer hemispkre t o  
provide protection from the weather. 
coated nylon fabric and as used a t  Lewis has a buninate of aluminized mylar 
on the helium o r  inner side. The outer hemisphere is made of neoprene coated 
nylon fabric, the outer surface of which is given a final coat of byplan which 
acts both as a weathering agent and as a sunlight reflector. 

Each container is can- 

The inner hemisphere material is byplon- 

ISLowers are used 

A- 1 



t o  inflate t k  auter shell w i t h  air. The air inside is  vented throu& cafibrated 
vents at the top to  prevent a c c e t i m  of stagnant air inside, pemitting 
work inside while the shell is  inflated. The outer bag has a personnel hatch 
and t w o  =-inch window t o  allow obaervatian arr3 actual inspection of the helium 
container while i n  use. 
w i t h  gusts up t o  85 mph. 
deteriorates the nylon. 
nuu at Iewis are 1 and 4 years old respectively, the byear old outer shell 
baving had no maintenance during that time and due for  replacement soon. With 
proper mintenance, painting the outer surface with w o n  every 3 years, the 
structure can be expected t o  have a service U f e  & appminrately 10 years. 

The outer shells are designed for steady 75-nrph winds 

This is the eventual cause of failure. 
However,  the main enemy is  not wind but the sun which 

The contaleera 

The persistent problem a t  I#KIs w i t h  these containers is the permeation of air  
fmm the outer sku at 1 t o  1-1/2 inches 
bag at appmximately 0.1 inches of water less than the outer shell pressure. 
This penaeation adds an average of 147 ppm per day of contaminants t o  the helium. 
Because of the helium being at a lower absolute pressure than the air in the 
outer shell, the loss of helium by permeation is minimized. 

water into the helium in -UE inner 

Contaminstian of the contained helium at the levels mentioned above would not 
ef'fect the use of these containers for a helium recavery system at MTLA. The 
added level of contamination would not be enough t o  cause resizing of the puri- 
fication plant. Other factors such as available compressor sizes and perfor- 
mance FLUlges would affect plant s ize  more. 

Leakage would be less than that lost  durlng gas transfers. 
ment af the final design used at Lewis now, there were two failures of the outer 
shell. Both failures invalved failure w i t h  hoop or circumferential seam. 
Adhesim was applied, the seam resealed and a precautianary band cenrented 
Over the seam. There have been no further failures of this kind. 

During the dmlop-  

Dur- tu failure, as during a blower failure, the outer shell  coUapsed slowly 
onto the inner container and remined there while the inner cmtainer was col- 
lapsed in withdrawhg the helium. After a l l  the helium was taken out and both 
bags lay on the base, repainnen walked &, fixed the defect as described ab-, 
and then started t h e  blowers t o  =turn the outer shell  t o  norm&l. The whole 
procedure can be finished in  5 or 6 hours after the bags have been deflated. 
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